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Title of the invention 

Bearing assembly 

Description 

Field of the invention 

The invention relates to a bearing assembly with at 
least one first bearing as an axially free radial support and 
with at least one second bearing as a radially free axial 
support, the bearings having a common axis of rotation and at 
least a first bearing ring of the first bearing and a second 
bearing ring of the second bearing being rotationally fixed 
in relation to at least one bearing seat. 

Background of the invention 

Bearing assemblies of this type are intended for the 
radial and axial mounting of shafts in a housing or of 
housings on a shaft. In this invention, shafts are 

understood as meaning all conceivable machine elements, such 
as driven and driving shafts/shaft ends, axles and 
conseguently also the shaft shoulders on rotating components 
of compressors in machine systems. Bearing seats are all 
seats of bearings in/on housings or in/on shafts. Housings 
are all conceivable machine parts or systems which are 
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mounted rotatably in relation to or on the shaft by means of 
the bearing assembly or in/on which the shafts are mounted by 
means of the bearing assemblies. 

Axially free radial supports are bearings which either, 
on account of their design features, support only against 
radial forces/radial force components or bearings which, 
although also designed for receiving forces acting obliquely 
in relation to the bearing axis or for receiving axial 
forces, in particular applications are only to support 
against radial forces for a wide variety of reasons. 

Radially free axial supports are bearings which either, 
on account of their design features, support only against 
axial forces/axial force components or bearings which, 
although also designed for receiving forces acting obliquely 
in relation to the bearing axis or for receiving radial 
forces, in particular applications are only to support 
against axial forces for a wide variety of reasons. 

Bearing assemblies of this type are to be found in 
compressors, for example in screw-type compressors. In this 
bearing assembly, at least one bearing receives the radial 
forces and thereby rotatably supports for example the shank 
of a rotor against a housing. As radial supports, for 
example cylindrical or needle roller bearings or ball 
bearings are used. Also provided in the bearing assembly is 
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at least one axial support, by means of which axial force 
components, occurring for example during compression, are 
received on the rotors. Examples of bearings of this type 
are ball bearings of a four-point bearing configuration and 
angular ball bearing configurations or tapered roller 
bearings . 

One of the bearing assemblies is described in US 
5,975,867. The bearing assembly is formed in each case by a 
tapered roller bearing and a radial needle bearing. The 
radial needle bearing is an axial movable bearing. The 
tapered roller bearing is in this case exclusively intended 
for receiving axial forces/axial force components that are 
directed in the same direction as the axis of rotation of the 
bearing assembly. The outer rings of the two bearings 
considered are both respectively held in a rotationally fixed 
manner on a housing of the compressor. For this purpose, the 
outer ring of the needle bearing is pressed into a bore. The 
outer ring of the tapered roller bearing is rotationally 
fixed in relation to the housing in a form-locking manner by 
means of a pin. The inner rings of the bearing are seated on 
a shaft in a fixedly prestressed manner. 

There are also known bearing assemblies in which the 
means for rotational securement are rotationally secured by 
clamping the rings against a housing or against other bearing 
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rings in an axial force-locking manner. Alternatively, the 
bearing rings are secured by force locking from friction or 
by form locking by means of securing elements in a bore of 
the housing. Examples of such means for rotational 

securement are 0-rings radially deformed between an outer 
ring and a bearing bore or radially deformed between a shaft 
and an inner ring, and consequently radially prestressing O- 
rings . Also used are pins and the like, which engage in a 
form-locking manner simultaneously in end-face recesses/bores 
in the bearing ring to be secured and in the housing to be 
secured . 

The effort involved in preparing the bearing seats, for 
example in a housing, and in the installation of the bearing 
assemblies according to the prior art is relatively high. 
For example, the corresponding clearances/recesses for the 
engagement of the securing elements such as pins and 0-rings 
must be made in the housings. During installation, the 
bearing rings must then be aligned precisely in such a way 
that the connecting elements can enter exactly into the 
corresponding clearances. 
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Summary of the invention 

The object of the invention is therefore to provide a 
bearing assembly with which the effort involved in preparing 
the means for rotational securement, for example in preparing 
a housing seat for the bearing assembly, and in the 
installation of the bearing assembly in the system is 
reduced. 

This object is achieved in the case of the subject 
matter of the characterizing clause of claim 1 in that the 
first bearing ring and the second bearing ring lie axially 
opposite each other and the second bearing ring is thereby 
coupled with the first bearing ring, contactlessly in 
relation to the bearing seat, in a locking/rotationally fixed 
manner. The bearing ring of the radial support and a bearing 
ring of the axial support are in contact with each other 
axially, at least in certain portions, or lie axially 
opposite, separated from each other by an axial gap. Axial 
means here directed in the same direction as the axis of 
rotation. The bearing rings are coupled in a locking manner 
with each other in the direction of rotation about the axis 
of rotation at the portion or at the portions at which they 
lie axially against each other. The supports are separated 
from each other for example by disks or other machine 
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elements, the bearing rings in this case engaging over these 
machine elements. However, the axial support is preferably 
arranged in the bearing assembly directly next to the radial 
support. In this case, for example, the outer rings and/or 
the inner rings of the supports are in contact at their end 
faces or are at least axially opposite each other. The outer 
rings or the inner rings of the supports are directly in 
engagement with each other in a locking manner or are 
connected to each other in a locking manner by means of a 
connecting element. Alternatively, an outer ring or inner 
ring of the radial support is coupled with an axial disk of 
an axial support configured as an axial rolling bearing. 

The bearing assembly has either one or more of the 
radial supports. One or more of the radial supports is 
axially adjoined on one or both sides respectively by one or 
more of the axial supports on the axis of rotation. The 
respective axial support, coupled with a radial support, is 
alternatively adjoined optionally again by a radial support 
or by a further axial support, and so on. The axially 
successive supports are coupled with one another. It is 
conceivable that on a radial support which is arranged 
axially between two axial supports, a bearing ring of each of 
the two axial supports is respectively secured against 
rotation on the radial support. 
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The bearing ring of the radial support is preferably 
fixed in relation to the bearing seat by means of a press 
fit. By contrast with the previously known prior art, the 
bearing ring of the axial support is not rotationally secured 
on the bearing seat, but is held in a rotationally fixed 
manner in relation to the bearing seat only by a locking 
means with the radial support. In this case, the bearing 
ring of the axial support is arranged contactlessly in 
relation to the bearing seat, with which the bearing ring of 
the radial support is coupled against relative contortion. 
Use of a bearing assembly according to the invention 
dispenses with grooves, bores or the like, which were 
previously provided in prior-art assemblies for the 
engagement of the means for rotational securement. 

By means of suitable elements on the bearing rings, such 
as the pairings of radially or axially protruding 
projections, the bearing rings are in engagement with 
corresponding recesses in the bearing rings. Alternatively 
and with preference in this respect, however, the bearing 
ring of the radial support is coupled in a locking manner 
with the bearing ring of the axial support by means of at 
least one connecting element that is separate from the 
bearing rings. The connecting element engages in a locking 
manner in a corresponding clearance on the bearing ring of 
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the radial support and simultaneously in a corresponding 
recess on the bearing ring of the axial support. 

With the invention, a number of the connecting elements 
for the form-locking coupling of two bearing rings are also 
provided. A number of connecting elements are arranged 
circumf erentially with equal or unequal spacing from one 
another. The connecting element, for example a feather key, 
is placed in an axially divided feather key groove. An axial 
portion of the groove is respectively formed on one of the 
rings, so that the axially successive portions of the groove 
form the feather key groove. Flat keys are further 

connecting elements. The use of pins as connecting elements 
is also conceivable. The pins are either fitted into 
corresponding axial bores of the coupled-together bearing 
rings or are placed into axial or radial-axial recesses of 
the bearing rings to be coupled. 

The connecting element is preferably a Woodruff key. 
Woodruff keys are, for example, components standardized by 
the German industry standard (DIN) No. 6888. These 
components have a crescent-shaped cross section along the 
axis of rotation of the bearing assembly and a rectangular 
cross section transversely in relation to the axis of 
rotation. The bearing rings to be secured have in each case 
one or more holding grooves (for example end grooves) that 
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are shaped as desired or, optionally, are likewise of 
standardized dimensions and correspond to the outside 
dimensions of the Woodruff key. A Woodruff key respectively 
engages axially and radially in two of the holding grooves 
aligned in relation to each other. 

The bearing seat is preferably a bore in the housing. 
The bearing ring of the radial seat is accommodated in the 
bore in a rotationally fixed manner in relation to the 
housing. The bearing ring of the axial support is either 
arranged outside the bore or axially enters the bore 
partially or completely. If the bearing ring of the axial 
support axially engages fully or partially in the bore, the 
bearing ring is radially surrounded by an air gap in the 
bore. The bearing ring of the axial support is consequently 
arranged freely in relation to the bearing seat and cannot be 
loaded in the radial direction. 

The bore is described around the first bearing ring and 
around the second bearing ring by an inside diameter that is 
the same throughout. Such an arrangement has the advantage 
that the bore can be drilled, reamed or ground without 
complex machining. In this case, the greatest outside 
diameter of the bearing ring on the axial support must be 
less than the smallest possible outside diameter of the 
bearing ring on the radial support. 
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As an alternative to the previously described variant, 
the bore is described at least in certain portions by inside 
diameters varying in size. The bore has in this respect at 
least a first portion and a second portion. In the first 
portion, the bearing ring of the radial support enters at 
least partially. In the second portion, the bearing ring of 
the axial support enters at least partially. The first 
portion has an inside diameter which is either less than or 
greater than the inside diameter of the second portion. The 
bearing bore optionally leads through two housing portions 
that are axially separate from each other or lie axially 
against each other. 

The radial and/or axial supports are optionally sliding 
bearings, in which case the bearing rings being sliding 
rings. However, the supports are preferably rolling bearings 
with in each case at least one bearing ring and rolling 
bodies . 

The invention avoids complex machining operations, such 
as the cutting or broaching of grooves or the like on the 
bearing supports for the form-locking engagement of 
connecting/securing elements. Engagement grooves are for 
example simply made in hardened and/or unhardened bearing 
rings. There is no longer any need for complex finishing 
work on the bearing rings. There is no longer any need for 
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the exact installation of the bearings with the connecting 
elements into a bore, for example, since the connecting 
elements no longer have to engage in a form-locking manner in 
corresponding recesses of the bore and radially protrude 
beyond the outside diameter of the bearing seat at most by a 
radial dimension that is less than the inside radius of the 
bore . 

Brief description of the drawings 

The invention is explained in more detail below on the 
basis of exemplary embodiments. In the drawing specifically: 

Figure 1 shows a longitudinal section through a bearing 
assembly with a radial support configured as a roller bearing 
and an axial support configured as a four-point bearing; 

Figure 2 shows the bearing assembly as shown Figure 1 in 
another housing; 

Figure 3 shows a representation of a detail along the 
section III-III from Figure 2 that is enlarged and not to 
scale and 

Figures 4 to 6 show rolling bearings in various 
configurations with designs of holding grooves on one of the 
bearing rings. 
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Detailed description of the drawings 

Figures 1 and 2 show a bearing assembly 1 for the radial 
and axial mounting of a shaft 2 in a housing 3 or in a 
housing 4, respectively. The bearing assembly 1 has a 
bearing 6 formed as a radial support 5, in the form of a 
roller bearing, and a bearing 8 acting as an axial support 7, 
in the form of a four-point bearing. The bearing assembly 1 
supports rotors (not represented) of a screw-type compressor. 

An outer bearing ring 9 of the radial support 5 lies 
axially opposite an outer bearing ring 10 of the axial 
support 7. The bearing ring 9 is pressed into the bore 11, 
formed as a bearing seat, and is conseguently rotationally 
secured in relation to the housing 3 or 4 , respectively. The 
bearing ring 10 is separated from the housing 3 by an air gap 
12 and is conseguently arranged contactlessly in relation to 
the bearing seat. 

The bearing rings 9 and 10 are coupled to each other by 
means of a separate connecting element 13 in the form of a 
Woodruff key 14 in the direction of rotation about the axis 
of rotation 19. In the representation of Figure 1 and Figure 
2, the Woodruff key 14 is designed in a crescent-shaped 
manner and, as Figure 3 reveals, has a rectangular cross 
section. Respectively formed on the first and second bearing 
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rings is a holding groove 15, which extends radially from 
outside and axially from one of the end faces of the 
respective bearing ring 9, 10 into the bearing ring 9, 10. 

As Figure 3 reveals, the side walls 17 of the holding 
groove 15 are aligned parallel to each other, transversely in 
relation to the axial direction, and the axially facing side 
walls 18 of the holding grooves 15 are inclined at an angle a 
of 40° to 45° in relation to one another from radial plane E 
passed through perpendicularly by the axis of rotation 19. 

The bore 11 as shown Figure 1 has two portions 11a and 
lib. The portion 11a is formed on a housing part 3a. The 
axial support 7 is radially separated in the portion lib from 
a housing part 3b by the air gap 12. The housing parts 3a 
and 3b are axially fixed against each other. The outside 
diameters D A of the radial support 5 and the axial support 7 
are at least approximately equal in size. The inside 
diameter d x of the portion 11a is less than the inside 
diameter Di of the portion lib. 

Figure 2 shows the bearing assembly 1, in which the bore 
11 has an equal inside diameter Di over the radial support 5 
and over the axial support 7. The outside diameter D fl of the 
bearing 6 corresponds to the inside diameter di of the bore 
11. The outside diameter d fl of the bearing 8 is less than 
the outside diameter D A of the bearing 6. 
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The bearings 6 and 8 are rolling bearings. The bearing 
6 comprises the bearing ring 9, rollers 20, a cage 21 and an 
inner ring 22. Alternatively, the bearing 6 is configured 
without an inner ring, so that the rollers 20 run on the 
shaft 2. The bearing 8 comprises the bearing ring 10, balls 
23, a cage 24 and two inner rings 16 and 25. The shaft 2 is 
mounted rotatably in relation to the housing 3, 4 by means of 
the bearing assembly 1. Alternatively, the housing 3, 4 is 
mounted rotatably in relation to the shaft 2 by means of the 
bearing assembly. 

Figure 4 shows an exemplary embodiment of an axial 
support 7 in the form of an angular ball bearing. The outer 
bearing ring 26 is provided with a holding groove 27, in 
which a flat key 28 (only indicated) engages. The holding 
groove 27 has a side wall 29, aligned perpendicularly in 
relation to the axis of rotation 19 and facing the axial 
direction, and two side walls 30, lying opposite each other 
transversely in relation to the axial direction and aligned 
parallel to each other. By means of the flat key 28, a form- 
locking rotational securement with a radial support (not 
represented) can be produced. 

The bearing ring 31 of an axial support 7 as shown in 
Figure 5, formed as an angular ball bearing, has an axial 
bore 32. Engaging in the axial bore 32 is an only indicated 
pin 33, by means of which the bearing ring 31 is connected in 
a form-locking manner to a bearing ring (not represented) of 
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a radial support in the circumferential direction in the axis 
of rotation 19. 

A deep groove ball bearing 33, designed as an axial 
support 7, is represented in Figure 6. The inner bearing 
ring 34 of the deep groove ball bearing is provided with a 
key groove 35. A key 36 engaging in the key groove 35 
engages in a form-locking manner in a corresponding clearance 
on an inner ring of a radial support (not represented) , so 
that the supports are in this case coupled to each other by 
means of the inner rings. 
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